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SUMMARY 
1. This report describes studies in 20 m of stream channel upstream of 
the fish trap in Dubby Sike. Observations were made on the relation-
ships between discharge and water depth and velocity and also on the 
relationships between water velocity and the settlement of artificial 
trout eggs. The main aim was to test the hypothesis that, at any 
given water velocity, eggs would drift smaller distances in a natural 
stream than in the experimental channels. 
2. Over a discharge range of 1.2 to 184.4 l s-1 , water depth in mid-
stream could be related to discharge, by a linear regression and the 
depth increased by a factor of four. 
3. Over the same discharge range, water velocity at 0.6 of depth increased 
by a factor of approximately ten and could be empirically related 
to discharge by a power law curve. 
4. The relationships of both depth and velocity in midstream to discharge 
were imprecise and there were appreciable anomalies at the station 8m 
upstream of the trap. 
5. The distance of drift of eggs was investigated at six different discharges 
by releasing batches of artificial eggs at points 4, 8, 12, 16 and 20 m 
upstream of the trap, followed by recovery of eggs by the trap. 
6. The instantaneous rate of egg settlement could be related to the 
mean water velocity by a power law curve whose exponent (b) was 
negative. Mean water velocity (x1), percentage of eggs settled (x2) 
and distance travelled (y) could be related through a multiple regression 
after log10 transformation of all three variables. These two relation-
ships were very imprecise but of similar general form to the relation-
ships found useful in describing the results of similar experiments 
in the experimental channels. However, the values of the constants 
implied considerably longer distances of egg travel than were 
apparent in the experimental channels. This disproves the initial 
hypothesis. 
7. The results suggest that, in a natural stream channel, the spatial 
and temporal variation in water velocity patterns may provide 
conditions in which artificial eggs do not reach a state of 
"permanent" settlement, even though this concept appeared to hold in 
the experimental channels. 
INTRODUCTION 
It is of value to know the approximate distance of travel at 
different stream discharges and/or water velocities, of salmonid eggs which 
have been displaced from redds by spates. 
Data from the experimental channels indicated that, at water velocities 
up to 87 cm s-1, 90% of displaced eggs would settle within 10 m of the point 
of release (Crisp, unpubl. 1984). Extrapolation suggested that, even at 
velocities of 100-150 cm s-1, 90% of eggs would settle within 20 m of the 
point of release. This led to the hypothesis that, in a natural stream, 
the mean distance of travel might be expected to be less than that observed 
in the experimental channels. There were some difficulties in finding a 
suitable site to test this hypothesis but the 20 m length of Dubby Sike 
upstream of an existing fish trap met the main practical requirements. 
Compared with those in the experimental channels, the spatial patterns 
of flow in a natural stream channel are very irregular and, for this reason, 
it was not expected that the investigation would yield any very precise 
relationships. However, it was hoped that the hypothesis could be tested 
and that some simple insights into likely distances of egg travel within 
one section of natural stream would be obtained. 
THE STUDY SITE 
Dubby Sike rises at 518 M.O.D., has a mean gradient of 0.05 and flows 
into Cow Green reservoir from the north (Crisp et al. 1974. Its annual mean 
discharge is not known precisely, but is probably about 20-40 1 s-1. Bankful 
discharge is approximately 200 l s-1. 
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A fish trap is sited at Nat. Grid. Ref. NY/793315 and the 20 m of stream 
above the fish trap formed the experimental reach. The general arrangement 
is shown in Fig. 1. 
Bed material over most of the study reach is a mixture of gravel (1 
to 5 cm diameter) and cobbles ( 5 to 10 cm diameter) with occasional boulders 
(>25 cm diameter). However, between the 12 and 8 m release points the bed 
material is coarser and consists largely of cobbles of 10-25 cm diameter and 
larger stones. Between the 20 and 12 m release points the stream has a 
dish-shaped cross section and increases in discharge cause some increase in 
stream width. From the 12 m station downstream the cross-section of the stream 
becomes more rectangular and, between the 8 m station and the trap, increases 
in discharge cause relatively little increase in stream width. There are small 
"falls" (about 15 cm high and best regarded as regions of unusually large 
gradient), boulders, eddies and areas of dead water at various points in 
the study reach, but the only notable concentration of such features is 
in the 2 m of stream immediately above the 8 m release point. 
EQUIPMENT AND METHODS 
The equipment and methods for each of the three elements of the study 
were: 
1. Stream discharge 
A Munro chart recorder was used to obtain continuous records of water 
level in a pool below the fish trap and immediately upstream of an unmodified, 
but approximately rectagular, cross-section of stream. The recorder 
and an ancillary stage board were set to an arbitrary zero value such 
that water levels of 6 to 7 cm occurred during very low discharges. The 
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lowest stage recorded throughout the drought of summer 1984 was 6.0 cm. 
On eleven occasions during 1984, estimates of discharge were obtained 
over a range of stage values and these were used to relate discharge to 
stage. At low stages (6 to 17 cm) discharge was measured directly by placing 
a plastic bin of known volume below the fish trap chute and measuring the 
time taken for the whole discharge of the stream to fill the bin. At higher 
stages, discharge was estimated by measuring water depth and velocity at 
0.6 of depth at three points on a fixed transect across the fish trap chute. 
The chute was of smooth steel and had a rectangular cross section of 43 cm 
width. Velocities were measured with an Ott meter. 
2. Water depth and velocity 
Five egg release points were marked at 4, 8, 12, 16 and 20 m upstream of 
the trap chute (Fig. 1). At each of these points at a series of known 
stages, similar to those used for the egg release experiments, water depth 
and velocity at 0.6 of depth were measured in mid-channel. It would have 
been desirable to measure velocity and depth at many more points across 
and along the study reach. This was not possible because, during spates, 
the discharge would change appreciably during the time taken to collect 
large numbers of data points. For example, on 17 September 1984, between 
0915 and 1017 h, the discharge fell from 184.1 l s-1 to 138.8 1 s-1, a 
decrease of almost 25% in just over an hour. Even more rapid changes would 
be expected on the rising limbs of hydrographs. 
3. Egg release experiments 
Six release experiments were performed during the period 5 June 
to 28 November 1984 at a series of different water level stages. The artificial 
eggs (Ottaway, 1981) were of a different colour for each experiment. This 
avoided problems arising through carry-over of eggs from one experiment 
to another. On each occasion 200 eggs were released at the water surface 
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in midstream at each of the five release points starting at the one 20 m 
upstream of the trap. The eggs were marked with numbers to distinguish the 
batches released at each point. The whole release process took c. 25 s. 
The eggs passing downstream were recovered at the fish trap. A stout 
fabric insert was fitted within the trap. The insert, together with its 
catch, could be quickly and easily removed from the trap even under high 
discharges. It was lifted 20 s after release of the last batch of eggs. 
Any eggs subsequently passing downstream were retained by the fish trap 
and this was lifted and its catch removed 25 min after release of the first 
batch of eggs. With two exceptions, data were, therefore, obtained for two 
different time intervals at each of six different discharge values. The 
exceptions were the highest and lowest discharges. At the lowest discharge 
(23.5 l s-1) no eggs reached the trap during the first 20 s, though some 
did arrive during the first 25 min. At the highest discharge (130.9 l s-1) 
the trap insert was removed after the first 20 s but the spate made it 
impossible to empty the trap itself after 25 min. 
RESULTS 
1. Stream discharge 
Stream discharge (Q,l s-1)at the chute and stage (H, cm) downstream of 
the chute could be related by the power law model: 
Q = a Hb where a = 0.00236 with 95% confidence interval of 0.0007 to 
0.0076, b = 3.218 ± 0.3830 (95% C.L.), r = 0.9877 and P<0.001. 
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The data points were a good fit to the model (Fig. 2) which was, 
therefore, used to estimate stream discharge from known stage readings. 
2. Variation in water depth and velocity with discharge. 
Depths were measured at ten different discharges between 1.2 and 184.4 
ls-1.Linear regressions were a reasonable empirical model of the relation-
ship between midstream water depth and discharge and a summary for individual 
stations and for the combined data is given in Table 1. It is apparent 
from Table 1 and from the plots of data points (Fig. 3) that the pattern 
of increase in depth, relative to increasing discharge, was similar at 
all five stations, though differences between stations can also be 
discerned. In particular, the depth at the 4 m station was consistently 
larger than the depths at the other stations, whereas depths at the 12 m 
and 16 m stations showed a rather irregular pattern of increase with 
discharge. 
Midstream water velocities at 0.6 of depth were measured at the same 
time as water depth, except for three stations where the water was too 
shallow during the lowest discharge. At the 8 m station no relationship 
between water velocity and discharge could be detected (Table 2 and Fig. 4) 
and this probably reflects the substantial turbulence at this site. At 
the other stations, despite considerable scatter of the data points, a 
power law relationship was a reasonable fit to the data (Table 2 & Fig. 4). 
Although the data on water depth and velocity are too few and variable 
to lead to any detailed conclusions, two points arise: 
i. The scatter of the data points, particularly of those for velocity 
(Fig. 4 ) , indicates the considerably longitudinal variation which 
can occur in a length of natural stream. It should be noted that 
the section in question was selected specially as one which was 
relatively uniform. 

ii. The results (Figs. 3 & 4) indicate that changes in discharge within 
this stream section were reflected more through changes in velocity 
(a tenfold change over the observed discharge range) than through 
changes in depth (a fourfold change). As the stream channel was steep-
sided over most of the length of the study reach, changes in stream 
width were relatively unimportant except at low discharges. 
A general summary of the results in the form of means of the combined 
values at all five egg release stations (Table 3) shows that, at discharges 
approaching 200 l s-1, the mean midstream water velocity exceeded 100 cm s-1 
At the 16 m station velocities in excess of 150 cm s-1 were observed(Fig. 4). 
3.. Egg settlement 
The results are shown in Table 4. It is possible to summarize the 
results for each discharge value by assuming an exponential rate of settle-
ment of the eggs such that 1n S = b D + 1n a, where S is the number of 
eggs surviving (i.e. still in suspension), D is distance(m)from the release point 
and b and a are constants. The constant b (with sign changed) is an 
estimate of the instantaneous rate of settlement m-1. Details of the 
calculated regressions are given in Table 5. It is important to note that, 
for the catches 20 sec after release only two of the five data sets showed 
a significant (P<0.05) correlation between 1n S and D. However, the following 
points arise: 
i. The data for both time intervals show a general trend in which instant-
aneous rate of settlement reduces as stream discharge increases. 
ii. The estimated instantaneous rates obtained after 25 min were approximately 
half of the estimated values after 20 s. 
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TABLE 1. Summary of linear regressions relating water depth in midstream (D, cm) and discharge (Q. l s-1). 

TABLE 2. Summary of regressions relating log10 water velocity at 0.6 of depth in midstream (y) and log10 discharge 
(Q, l s - 1). The power law relationship has the form y = a Qb and the values of a and b are shown in the 
Table. * = Velocity could not be measured at Q =1.2 l s-1. 

TABLE 3. Values of mean water depth in midstream and mean velocity 
at 0.6 of depth in midstream at each of a series of discharge 
values. Note that at the lowest discharge value the water at 
three of the five stations was too shallow to permit velocity 
to be measured and, therefore, no mean velocity was calculated. 
Mean velocity on this occasion was probably c. 10 cm s-1 
(See Fig. 4). 
TABLE 4. Numbers of eggs from each release station recovered from the trap. 
Note that the values given for the 0 m release station refer to the 
fact that if, on each occasion, 200 eggs had been released in the chute 
immediately above the trap then all of them would have entered the trap. 
TABLE 5. Summary of regressions of 1n survivors in suspension(S) upon distance(D,m) 
of the form 1n S = bD + 1n a. Note that the constant b, with sign 
changed, is an estimate of instantaneous rate of settlement m-1. 
These rates have been used to calculate the distance from the release 
point at which 50% of the eggs would have settled. 
iii. Numbers of eggs reaching the trap from the 8 m station were generally 
low, especially after 20 sec, relative to the numbers from the 12 and 
16 m stations. 
The estimated instantaneous rates of settlement were related to mean 
water velocity within the study reach by power law relationships (Table 6, 
Fig. 5) but it should be noted that the correlation for the 20 s data 
was not quite statistically significant. The predicted instantaneous rates 
can be used to predict the approximate distance of travel to 50% settlement. 
The 20 s curve predicts 50% settled at 9.9 m when mean velocity is 75 cm s-1 
and at 23 m when mean velocity is 90 cm s-1. The 25 min curve gives 
predictions of 44 m and 120 m respectively. 
Distance of travel to give any specified percentage of settlement can 
also he predicted from multiple regressions which incorporate mean water 
velocity (x1), percentage settled (x2) and distance (y) and a summary is 
given in Table 7. A selection of predictions based on these regressions is 
given in Table 8. This method predicts rather shorter distances of travel than 
those obtained from the instantaneous rates of settlement, especially at 
the higher water velocities. 
The confidence limits of the constants used in both methods of prediction 
are very large (Tables 6 and 7) and, consequently, the predictions will be 
imprecise. 
COMPARISON WITH EXPERIMENTS IN CHANNELS 
Experiments on egg settlement in the channels had the following 
characteristics: 
i. Within each experimental run the discharge, hence the water velocity 
and its pattern of spatial variation, remained constant. 
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TABLE 6. Summary of regressions of the form log10 Rate = b log10 U + log10 a, where Rate = instantaneous rate 
of settlement m-1, U = mean water velocity (cm s-1) at 0.6 of depth in the study reach and a & b are 
constants. Results from a similar regression based on work in an experimental channel are given for 
comparison. 

TABLE 7. Summary of multiple regressions of the form log10 y = b1 log10 x1 + bi log10 x2 + log a, where 
x1 = mean water velocity (cm s-1) in the study reach, x2 = Percentage of eggs settled and y = distance 
of travel (m). A similar regression for artificial eggs in an experimental channel is summarized for 
comparison. 
TABLE 8. Predicted distances of travel at which given percentages of eggs 
will have settled at a series of values of mean water velocity. 
The predictions are based on the multiple regressions from Table 7. 
ii. All eggs were given adequate time to traverse the full length of the 
channel. 
iii. Eggs which had settled for 3 s usually did not move again unless the 
channel discharge was changed or the system was disturbed in some other way. 
As a consequence, the results obtained gave a reasonably straightforward 
picture of the pattern of egg settlement relative to water velocity. 
The results from Dubby Sike were much more difficult to interpret, 
chiefly as a consequence of spatial and temporal variations within the 
system. The main points for consideration are: 
i. Spatial irregularities in the study reach are evident from Fig. 1, especially 
at the 8 m release point (see p.5). The relationships between discharge 
and water velocity (Table 2, Fig. 4) also suggest that the 8 m egg 
release station was unusual and the results in Table 4 show that, 
relative to the stations upstream and downstream, the number of eggs 
reaching the trap from this release point was unduly low, especially 
after 20 s (see also Table 9). 
ii. If the number of eggs collected in the trap after 20 sec is expressed 
as a percentage of the number collected after 25 min (Table 9), for 
each release point the percentage increases with stream velocity. 
Also, at any given velocity, the percentage generally decreases with 
distance (the 8 m release point is the only exception). For some 
combinations of distance and velocity the eggs reaching the trap after 
20 s were only a small percentage of the number reaching it in 25 min 
and this implies that, within 20 s of the release of eggs at the 4 m 
station the distribution of eggs within the stream section and between 
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TABLE 9. Numbers of eggs reaching the trap in 20 s as a percentage of the numbers reaching the trap in 25 minutes. 
the stream and the trap had not reached equilibrium and that the speed 
with which equilibrium was approached, as might be expected, increased 
with water velocity and with proximity of the release point to the 
trap. Therefore the 20 s interval between release of eggs at the 4 m 
station (i.e. a 45 s interval for eggs released at the 20 m station) 
was too short. Consideration of mean water velocities supports this 
conclusion. Removal of the trap insert after 20 s gave eggs released 
at the 20 m station 45 s to reach the trap. Over the range of discharges 
shown in Table 9, these eggs would take 25 to 44 s to reach the trap, 
provided that they travelled at mean water velocity. In the experimental 
channels eggs travelled at 60-70% of mean water velocity and eggs in 
the stream would then take approximately 40 to 70 s to reach the 
trap from the 20 m release point (Table 9). 
iii. Although discharge, hence water velocity, varied very little during the 
course of each egg release experiment, some variation did occur. 
Variations in discharge within a natural stream will result in 
corresponding variations in mean water velocity and probably also 
in the spatial pattern of velocity variation within the stream. 
As a consequence, any given egg might settle in an "equilibrium" 
position on or in the stream bed at one discharge value and be entrained 
again by the water as discharge, hence the spatial pattern of water 
velocity, changed. Mechanisms of this type could explain the fact that, 
in contrast to their performance in the experimental channels, eggs 
continued to arrive at the trap over long periods (up to 3 months) 
after the initial release. Although this was particularly evident 
when large spates occurred on the days following the release, it also 
occurred during periods of gradually decreasing discharge. 
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DISCUSSION 
Although there are logical and statistical difficulties in interpreting 
events during these experiments in a natural stream channel, the best 
available descriptions of rates of settlement relative to water velocity are 
of similar general form to those found appropriate for the results obtained 
from the experimental channel. In both natural stream and experimental 
channel the relationship between instantaneous rate of settlement and 
estimated water velocity could be described by power law curves whose 
exponent (b) was negative (Table 6). This indicates high instantaneous 
rates of settlement at velocities below c. 50 cm s-1 and relatively low 
values above c. 60 cm s-1. Similarly, in both experiments, multiple 
regressions based on log10 transformations could be used to relate distance 
travelled to water velocity and percentage settled (Table 7). 
Despite these similarities, there are differences between the channel 
results and the stream results. The results indicate longer distances of 
travel (i.e. lower instantaneous rates of settlement) in the natural stream 
than in the experimental channel (Table 4, Fig. 5, Table 6, Table 7). This 
conclusions can be drawn from the results of counting eggs in the trap after 
25 min. The results of counting eggs present in the trap after 20 s lead 
to similar conclusions but must be disregarded because there is evidence that 
this time interval was too short to give meaningful results. For the 25 min 
time interval, the various models give a wide range of estimated distances of 
travel to a given percentage settlement at any given water velocity value. 
The multiple regression gives a distance of 23 m to 25% settled at a mean 
water velocity of 90 cm s-1. The corresponding value from the power law 
relationship (Table 6) is 50 m. Both of these estimates, although imprecise, 
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are significantly larger than the comparable estimate for the channel (5.4 m) 
or the observed value for the channel (4.9 m). The results, therefore, 
disprove the hypothesis that mean distances of egg drift are likely to be 
less in a natural stream than in the experimental channel. 
One possible contributor to the failure of the hypothesis may be the 
considerably spatial variation in water velocity and flow pattern which 
exists in any natural stream course. This spatial variation will tend to 
generate variable data whose interpretation is difficult. A further, and 
perhaps more important, contributor could be the fact that discharge 
(hence water velocity and its spatial variations) may show considerable 
short-term temporal variations (see p. 9). In nature, the disruption of 
redds will occur mainly during spates rather than during periods of relatively 
constant baseflow. This implies that, at the time of egg release and for 
several days thereafter, discharge will be changing. As discharge changes, 
so will the spatial distribution of places where eggs can settle and remain 
in equilibrium with their immediate surroundings. In the channel, direct 
observation of artificial eggs (Crisp, 1984, unpublished) and counts of 
natural eggs reaching a downstream receiver after varying time intervals 
(Crisp & Cubby, 1984, unpublished) showed that few, if any, eggs were taken 
back into suspension once they had remained settled for several seconds. 
Consequently, the concept of "permanent settlement" was useful in this 
context. 
Given the same conditions within the natural stream, an interval of 
25 min between egg release and removal of the trap should have been more 
than adequate for the released eggs to have reached equilibrium with the 
stream system. However, the results suggest that; in this system with 
appreciable spatial variation of water velocity and relatively rapid 
temporal variation in discharge; such an equilibrium may not exist, at 
least over more than very short time intervals. If this is true, then it 
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negates the value of the models relating water velocity and distance of drift 
in terms of quantitative prediction of the distance of drift. They are, 
however, still valid in demonstrating that drift distances in a natural 
stream in spate are larger than those observed in the channel at similar 
water velocities. 
As the mean distance of travel of drifting eggs in a natural stream is 
appreciably larger than was predicted from the channel experiments and 
drifting 10 m within the channel can cause high (up to 55%) mortality of 
trout eggs at sensitive stages of development (Crisp & Cubby, 1984 unpublished), 
drifting within a natural stream is likely to cause similar or higher rates 
of mortality. 
The outcome of these studies in Dubby Sike suggests that there is need 
for very detailed studies on the relationship between discharge and local 
variations in water velocity within a series of selected reaches of natural 
streams and rivers. Such information would be relevant not only to the 
drift of displaced salmonid eggs but also to the prediction of gravel movements 
and the predictions of redd washout. 
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